Constructed wetlands to reduce agricultural chemical transport to water resources by Crumpton, William G. et al.
Leopold Center Completed Grant Reports Leopold Center for Sustainable Agriculture
1999
Constructed wetlands to reduce agricultural
chemical transport to water resources
William G. Crumpton
Iowa State University, crumpton@iastate.edu
James L. Baker
Iowa State University, jlbaker@iastate.edu
Stephen W. Fisher
Iowa State University, swfisher@iastate.edu
B. Hecht
Iowa State University
Jana Z. Stenback
Iowa State University, janazahn@iastate.edu
See next page for additional authors
Follow this and additional works at: http://lib.dr.iastate.edu/leopold_grantreports
Part of the Agricultural Science Commons, Agriculture Commons, Bioresource and Agricultural
Engineering Commons, Botany Commons, Natural Resources and Conservation Commons, and the
Water Resource Management Commons
This Article is brought to you for free and open access by the Leopold Center for Sustainable Agriculture at Iowa State University Digital Repository. It
has been accepted for inclusion in Leopold Center Completed Grant Reports by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Crumpton, William G.; Baker, James L.; Fisher, Stephen W.; Hecht, B.; Stenback, Jana Z.; Zmolek, C.; Melvin, Stewart W.; and Lemke,
Dean W., "Constructed wetlands to reduce agricultural chemical transport to water resources" (1999). Leopold Center Completed Grant
Reports. 126.
http://lib.dr.iastate.edu/leopold_grantreports/126
Lead Investigators
William G. Crumpton, James L. Baker, Stephen W. Fisher, B. Hecht, Jana Z. Stenback, C. Zmolek, Stewart W.
Melvin, and Dean W. Lemke
This article is available at Iowa State University Digital Repository: http://lib.dr.iastate.edu/leopold_grantreports/126
95-48 
COMPETITIVELeopold Center GRANT REPORT 
FOR SUSTAINABLE AGRICULTURE L E O P O L D C E N T E R 
Constructed wetlands to reduce agricultural 
chemical transport to water resources 
Abstract: This project was part of a larger five-year, multi-phase research and demonstration effort to 
study water quality and agricultural drainage wells (ADWs). The goal was to evaluate the use of 
constructed wetlands for treatment of subsurface drainage prior to release to groundwater through ADWs 
and to develop design and operation criteria for these treatment wetlands. 
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Background 
Subsurface drainage tiles in the Corn Belt 
provide a major economic benefit to row-crop 
production, but they also transport agricultural 
chemicals to the water supply. Nitrate-nitro-
gen (NO3-N) is a common contaminant in 
subsurface drainage water, with concentra­
tions typically exceeding 10 mg L-1, the EPA 
maximum contaminant level (MCL) set for 
public drinking water supplies. Discharge of 
subsurface drainage water to surface water­
courses raises water quality concerns, includ­
ing new worries about hypoxia, the oxygen-
limiting zones devoid of aquatic species in the 
Gulf of Mexico. However, more serious prob­
lems may arise when these drainage systems 
discharge to an agricultural drainage well 
(ADW) where the excess water is injected into 
a receiving aquifer. 
If ADWs were closed, a significant reduction 
in crop production (estimated to be 20 to 30 
percent for one sample watershed) would re­
sult from excess wetness unless alternate out­
lets were developed (at a cost of $316 to 
$2,150 per ha). If ADWs are left open, con­
tamination must be reduced. While improving 
agricultural chemical management practices 
can reduce contamination, it is unlikely (par­
ticularly for nitrate) that contamination prob­
lems can be economically solved by in-field 
changes alone. Optimum solutions would 
involve a combination of in- and off-field 
changes, with constructed wetlands being one 
of the most promising off-field approaches 
for reducing agricultural chemical concentra­
tions in drainage. While wetlands can remove 
a variety of agricultural contaminants, they 
may prove especially effective at removing 
nitrate. 
This report covers the first three years of a 
five-year, three-phase research and demon­
stration project with the Leopold Center pro­
viding funding for phase 1 and part of phase 2. 
The objectives of the project are to: 
• 	Develop optimum sizing and design cri­
teria for constructed wetlands discharg­
ing to ADWs, 
• 	Develop recommended operational pro­
cedures to maximize contaminant removal 
efficiency of constructed wetlands, given 
seasonal temperature and drainage flow 
variations, and 
•	 Evaluate and demonstrate the use of con­
structed wetlands for nitrate and herbi­
cide removal from subsurface drainage 
prior to release to groundwater through 
ADWs. 
In phase 1, model simulation studies were 
conducted to examine the effects of water-
shed-to-wetland ratio and wetland depth on 
nitrate loss in constructed wetlands. In phase 
2, replicate constructed wetland cells are be­
ing monitored under field conditions. By 
measuring inflow and outflow concentrations 
and discharges over time, the potential of the 
wetlands for reducing nitrate movement to an 
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ADW can be evaluated. The operation of the 
wetlands is based on results from phase 1 and 
from subsequent monitoring of the wetlands 
themselves. Phase 2 monitoring will continue 
for several years to examine long-term trends 
in nitrate removal. Phase 3 will unite actual 
field situations with the predictive models in 
order to create site-specific plans for drainage 
control wetland systems. 
Approach and methods 
Phase 1  Model simulation studies were con­
ducted to estimate the effect of a watershed-to-
wetland ratio and water depth and to determine 
the ratios and depths at which the phase 2 
wetland cells would be operated. For these 
simulations, a simple model of wetland hydro­
dynamics was combined with a reaction rate 
expression for nitrate loss. 
Phase 2 The original site intended for the 
phase 2 research/demonstration work was the 
ADW research site near Gilmore City in north 
central Iowa. Two wetland cells (8.5 x 35.5 m 
each) were constructed in late 1993. After 
several unsuccessful attempts to establish cat­
tails in the wetlands in 1994 and 1995, it 
became apparent that the wetland cells in 
Gilmore City were not going to be functional 
in time to use for this study. The researchers 
sought an alternate site and identified nine 
wetland cells (8 x 45 m each) constructed in 
1992 in a previously cropped field at the ISU 
Agronomy Agricultural Engineering Research 
Center (AAERC), located west of Ames, as 
suitable for the project. The source of water 
for the wetlands is a county tile that drains an 
estimated 146 ha of cropland. Water is pumped 
from the tile into a distribution tank and then 
flows into the wetlands (Figure 2). V-notched 
weirs in the distribution tank control the vol­
ume of water flowing into each wetland. Flows 
were randomly assigned to the wetlands so 
that three receive 1/39, three receive 3/39, and 
three receive 9/39 of the total water represent­
ing low, medium, and high flows. Inflow 
water from the tile as well as outflow water 
from each of the wetlands was metered and a 
flow-weighted sample was collected in a glass 
reservoir. Throughout the 1996 and 1997 field 
season samples were collected daily from the 
inflow and each outflow reservoir and ana­
lyzed for nitrate. Estimates of groundwater 
outflow were based on seepage studies done in 
late fall and early spring of 1995 and 1996 
when evapotranspiration was at a minimum. 
Precipitation and evapotranspiration (ET) data 
were obtained from the National Climatic Data 
Center station located north of the site. Con­
tinuous water quality monitors recorded the 
temperature and D.O. (dissolved oxygen) con­
centrations within each of the wetlands. 
As is true for natural wetlands, constructed 
wetlands gain water via precipitation, surface 
water inflows, and groundwater inflows, and 
lose water via evapotranspiration, surface wa­
ter outflows, and groundwater outflows. The 
relative importance of these processes can 
vary widely between wetlands and within the 
same wetland over time. 
For this study, detailed water budgets were 
calculated for each wetland cell. Water bud­
gets provide a measure of differences in flow 
rates and nominal residence times among wet­
land cells and within wetland cells over time. 
Aerial view of the nine 
AAERC wetland cells 
(plus 27 manure 
management plots) 
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AAERC wetlands 
distribution tank in 
foreground and 
wetland cells in 
background (Fig. 2) 
However, water budgets do not offer any 
information on patterns of water movement 
and circulation within wetlands. A tracer 
study was conducted to examine the pattern 
of water flow within a wetland cell. 
Results and discussion 
Phase 1 In spite of the complexity of wet­
lands, research suggests that loss rates of 
nitrate and a great many other contaminants 
are consistent with a general model, in which 
surfaces such as sediment and organic litter 
provide most of the active sites for contami­
nant sorption or transformation, and in which 
loss rates are limited by contaminant trans­
port to these active sites. According to this 
model, a variety of interacting factors includ­
ing water depth, litter quality, and dissolved 
oxygen concentration could affect contami­
nant loss rates. 
The results reported describe preliminary 
model simulations based on hydrologic and 
nitrate loading data from a tile drainage sys­
tem common to row-crop production in cen­
tral Iowa. These simulations offered esti­
mates of how well-constructed wetlands re­
duce nitrate concentrations in tile drainage 
water and how wetland area and depth would 
affect removal rates. 
Two sets of simulations were carried out. The 
first set examined wetland size by varying the 
watershed-to-wetland ratio from 100 to 50 (i.e., 
varying the area of the wetland from 1 to 2 
percent of the watershed area). As could be 
expected, outlet concentrations of NO3-N were 
lower for lower watershed-to-wetland ratios 
and were always below the MCL at watershed-
to-wetland ratios of 67 and 50. 
The second set of simulations considered the 
effect of wetland depth on NO3-N removal by 
varying depth from 25 to 100 cm when the 
watershed-to-wetland ratio was 67. Surpris­
ingly, depth had little effect on nitrate removal 
in these simulations. The deeper wetlands have 
longer residence times, but this benefit is par­
tially offset by their lower surface-area-to-vol-
ume ratio. The model is still rather simplistic 
and does not incorporate some of the indirect 
effects of changing water levels. Model devel­
opment and refinement will continue through 
phase 3 of this project. 
Phase 2 During the sample periods of 1996 and 
1997, respectively, about 3.8 cm (14 percent) 
and 3.7 cm (22 percent) of water were drained 
through the tile. This resulted in similar hydro­
logic loadings for both years. The wetland 
water budgets indicate that this tile flow was the 
primary water source while surface outflow 
was the primary loss process. As illustrated for 
1997 in Figure 3, direct precipitation, evapo­
transpiration, and seepage barely affected the 
overall water budget. The tracer study revealed 
a range of flow paths through the wetland. The 
fact that water can take different flow paths 
through a wetland means it can have different 
residence times and should be expressed more 
accurately as residence time distributions. In 
all wetlands, the nitrate concentration in the 
outflow was less than in the inflow, but the 
difference was greatest in the low-flow wet­
lands, as would be expected because of their 
longer residence time. 
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Water flows through 
the AAERC wetlands 
complex during the 
1997 field season 
(Fig. 3) 
Residence time is obviously likely to be a 
primary determinant of the effect of wetlands 
on nitrate reduction. It is expected that the 
percentage of nitrate reduction by wetlands 
will be inversely related to residence times. 
Low-flow wetlands are expected to remove a 
greater share of their nitrate load than are high-
flow wetlands, and all wetlands are expected 
to remove a greater percentage of the nitrate 
load during lower flow periods. However, 
mass removal is confounded by the fact that 
mass loads are inversely related to residence 
time (i.e., when nitrate mass loading rate is 
high, residence time is low), with the result 
that mass removal (as opposed to percentage 
of reduction) could be highest at the lowest 
residence times, because these correspond to 
the highest mass loading rates. Inflow concen­
trations of NO3-N ranged from 13.5 mg L-1 to 
20.4 mg L-1 in 1996 (Figure 4), and from 9.7 
mg L-1 to 15.2 mg L-1 in 1997, exceeding the 
MCL on all but a few rare occasions. Outflow 
concentrations were continually lower then 
inflow concentrations for all loading rates, but 
the difference was greatest in the low flow 
wetlands, as would be expected because of 
their longer residence time. 
Reductions in nitrate concentrations ranged 
from 9 to 58 percent in 1996 and from 4 to 36 
percent in 1997, with the greatest reductions 
for the low-flow (longer retention time) wet­
lands. For these wetlands, average outflow 
concentrations were reduced to below 10 mg 
L-1 . Percentage reductions on a mass basis 
were larger, as expected, ranging from 15 to 74 
percent in 1996 and 9 to 54 percent in 1997, in 
part because evapotranspiration and seepage 
also helped reduce outflow volumes. 
While the low-flow wetlands had lower out­
flow concentrations, the high-flow wetlands 
removed more nitrate per unit wetland area. A 
major research challenge is predicting the op­
timal watershed-to-wetland ratio where the 
amount of water intercepted and the residence 
time are balanced to best achieve water quality 
goals. 
Nitrate removal efficiency was clearly related 
to hydrologic loading rate and residence time, 
with the low-flow wetland cells having a per­
centage removal efficiency approximately six 
times higher than that of the high-flow wetland 
cells. However, these differences in nitrate 
removal efficiency do not demonstrate that the 
wetlands differed in nitrate removal capacity. 
Given the same loading rates and residence 
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NO3-N concentrations 
in inflow and ouflow 
for AAERC wetlands 
during the 1996 field 
season (Fig. 4) 
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times, both kinds of wetlands might have re­
moved equivalent masses of nitrate and 
achieved similar percentage reductions. 
There is reason to believe that loss rate coeffi­
cients increase as wetlands mature, in part due 
to decreased oxygen availability. Both tem­
perature and D.O. concentrations can affect 
nitrate loss, and the data indicate that the 
wetland residence time can impact both of 
these variables. Continuing research at the 
AAERC wetland facility seeks to define these 
relationships and to develop a general model 
of nitrate fate in constructed wetlands. 
Conclusions 
The Leopold Center has provided funding for 
the preliminary portion of this ongoing inves­
tigation into the effectiveness of constructed 
wetlands in the removal of nitrate from agri­
cultural runoff. Results demonstrate the im­
portance of watershed-to-wetland ratio and 
residence time as primary factors in the use of 
wetlands to achieve water quality goals. Con­
tinuing research at the AAERC wetlands facil­
ity seeks to define these relationships and to 
develop a general model of nitrate fate in 
constructed wetlands. 
Education and outreach 
Researchers on this project prepared seven 
publications ranging from papers for proceed­
ings to a book chapter. Presentations were 
made at conferences on clean water, ground­
water protection, and water resources. Iowa 
Farmer Today printed articles on the con­
structed wetlands study and concerns about 
nitrate in subsurface drainage water. The 
project also was featured in a 1997 Iowa State 
Fair display sponsored by the ISU College of 
Agriculture. In addition to speaking to tour 
groups at the Gilmore City research site, the 
project investigators have made presentations 
over the past four years to groups in Ames, 
Cedar Rapids, Des Moines, Clarion, Charles 
City, Spencer, Fort Dodge, Kanawha, and 
Humboldt, Iowa; Champaign, Illinois; and 
Mankato, Minnesota. 
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